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Introduction

Global energy security and sustainability in the 21st century will be less dependent on the total world population than
on incomes and their distribution. This, in turn, will depend to a large extent on how effectively the problem of the lack of en-
ergy services, which currently limit economic opportunities in less developed regions, is addressed. In addition, energy secu-
rity will depend on the ability of countries to maintain reliable energy sources to meet their needs.

As the economy develops, the energy needs and priorities of countries change. The evolution of demand at different
stages of economic development is changing. As the economy develops, as happened with industrialized countries, there is a
tendency to introduce more efficient technologies for the provision of energy services, and the structure of economic activity
changes, since energy intensity tends to decrease over time [1].

Prices play several significant roles in economic production and demand. Most importantly, prices send signals to buy-
ers and sellers. However, it is important to distinguish between prices and costs. There are four types of costs: cash costs, op-
portunity costs, environmental and healthcare costs, and socio-political costs. Most consumers are mostly prone to cash costs
and less to others, although they are also important.

Renewable energy technologies, energy efficiency, advanced energy technologies and related products and services are
among the fastest growing investment sectors in recent years, with large developing countries becoming investment leaders,
not just technology transfer followers. Despite this progress, total public and private funding for energy-related research, de-
velopment and deployment remains far less than the amount needed to move to a sustainable, climate-limited world.

Due to their important role in job creation and economic growth, small and medium-sized enterprises are potential lead-
ers in transforming business models in many parts of the world [2].

Energy security

Energy security may be defined as a partial match between economic security, national security and environmental se-
curity.

In fact, economic security can mean creating new jobs or searching for product markets. The idea of national security is
that lower energy demand will affect our sense of global security. Environmental safety includes the link between air pollution
and health, as well as greenhouse gas emissions and global warming. Moreover, economic security is the security that gener-
ates security resources, and within it, energy security is one of the fundamental prerequisites for the normal functioning of the
state and the achievement of the welfare of its citizens, which can be transferred to the global level [3].

Preserving our environment and reducing our dependence on raw materials and energy require a profound transforma-
tion of our production and consumption processes, which would not be possible without using the concept of a circular econ-
omy. The areas of optimal energy transformation, waste management and water treatment are the triptych on which our econ-
omy and the ecological balance of our territories, as well as our planet as a whole, are based.

According to experts from the International Energy Agency (IEA), energy security is a comprehensive concept whose
goal is to protect consumers from supply disruptions caused by emergencies, terrorism or inadequate investment in energy
market infrastructures. Recently, the greatest attention has been paid to such key issues as international cooperation, optimal
organization of markets and unification of the conditions for consumers to access global energy resources.

According to the average forecast scenario of the UN organization, the world population will grow from 6.2 billion
people (at the beginning of the XXI century) to 8 billion by 2030 and up to 10 billion people by 2050, with 80% of the popula-
tion living in developing countries. The population of the Earth significantly affects energy consumption, but more energy bal-
ance depends on the pace of industrial development. For example, in the XX century the world's population has grown by 3.6
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times, while the global energy balance has increased by more than 10 times. The gigantic energy needs were determined by the
intensive development of industry mainly in Europe, the United States and Russia.

If other countries of the world developed in recent decades according to a similar scenario, the volume of oil, gas and
coal production was many times higher than the current level. For the countries of Southeast Asia in the medium term, ex-
tremely high economic growth rates are projected — up to 4% per year. The leader is currently China with an annual growth of
9%. It would be impossible to provide energy for such an economic growth using the technologies of the 20th century. That is
why innovative technologies in the energy sector are becoming crucial in the world. In most developing countries, the current
lifestyle does not yet require the same energy costs per capita as in Europe or the USA, but by the middle of the 21st century.
As a result of industrialization of the economy, these countries will consume half of the global energy balance [4].

For most professionals, energy security means the necessary energy production in their own country and minimal de-
pendence on foreign imports. However, energy security includes three aspects: providing alternative sources of supply, deter-
mining alternative energy routes and ensuring the safety of existing sources and transportation networks [5].

In March 2019, the European Commission reported on the implementation and progress of key initiatives of its Action
Plan for 2015 in the «Report on the Implementation of the Circular Economy Action Plan». Three years after the adoption of
the 'Plan of Action for the Circular Economy' is fully completed. His 54 activities were completed, even if work on some of
them continues after 2019.

High-level commitments and long-term commitments are keys to the development of a circular economy in the EU.
This commitment led to the endorsement of the EU Circular Economy Action Plan, with the benefits of including and working
in various policy areas to support its implementation. This is also reflected in the growing number of financing opportunities
for specific projects. Engaging a wide range of actors from the public and private sectors is critical to a successful transition to
a circular economy. The mobilization of these actors and the establishment of strong partnerships may require significant ef-
forts, since this process entails the development of circular economy strategies in various sectors and at different levels of ac-
tivity.

These initiatives have three clear objectives:

1. Politics: expand cooperation between the EU and third countries in the field of environmental policy by signing po-
litical agreements that promote the development of a circular economy, environmentally friendly public procurement and in-
novative, sustainable and inclusive growth;

2. To gain a better understanding of the environmental problems that third countries face;

3. Support green European companies (especially SMEs), expand their activities abroad and promote green solutions
through business partnerships.

Discussions in circular economic missions focus on topics related to eco-innovation, chemicals and plastics, waste, wa-
ter management, marine pollution, and urban best practices.

The circular economy provides pragmatic and effective solutions for the gradual depletion of vital resources for the
functioning of the modern economy. Closing the cycles of materials, water and energy, this “other” economy allows the econ-
omy to grow, while reducing extraction from nature.

The circular economy multiplies the productivity of the resources extracted by nature: therefore, it meets the goals set
by the EU in terms of efficient use of resources. It is aimed not only at the optimal use of water and raw materials, but also at
energy resources.

With regard to energy policy, today the priority is to achieve greater coherence between the overall goals of mitigating
climate change and energy security and independence. Energy efficiency is the most effective means of combining the decar-
bonization of the economy and enhancing EU energy security. The potential for reducing fossil fuel consumption through en-
ergy efficiency policies is much greater than replacing these fossil energy sources with other renewable energy sources. Such
policies can also contribute to the development of new types of economic activity in member states and at the local level in
European regions and cities, thereby creating new pools of long-term jobs, stimulating growth and reducing energy depend-
ence. Nevertheless, energy efficiency as a fundamental instrument of policy and strategy is not sufficiently taken into account
by European and national politicians.

At the EU level for 2020, a mandatory goal was set — to achieve 20% energy savings. The EU is likely to miss it by 1%
only if its targets for CO, emissions and renewable energy sources (for which mandatory targets were set in 2008) are exceeded.
The benefits of a binding approach are therefore tangible and a valuable lesson for policy makers who are responsible for defining
policies for the post-2020 regime. In times of economic and energy crisis, energy efficiency combined with diversification of en-
ergy sources can help solve current difficulties in the context of the recent Ukrainian and Russian crisis [6].

Energy is not taken into account by economic theorists who write books and develop economic models, except in rare
cases, since they rely on a theory that speaks of the role of energy as an engine of economic growth with its share in the total
budget of each country, since the prevailing economic models consider that economic growth depends on demand. A consumer
who is connected with the reality of the population, that is, with the availability of labor, in addition to investing mainly in sav-
ings, the problem is that most of these models neglect the role of energy and are not considered an essential factor in produc-
tion.

Given the low contribution of the energy sector to GDP of less than 5 percent over the past 25 years, it does not fall un-
der the calculation of economic models adopted by institutions such as Cooperation and Economic Development or the Inter-
national Monetary Fund, since it believes that the growth is due to the availability of cash.

Energy problems make up a small proportion of analyzes and articles in the international press, except in the case of cri-
ses in the Middle East, therefore, it is believed that money is the basis of the economic movement in the world, but capital is
inefficient and productive without activating the role of energy, as the availability of labor. Thus, energy is the basis of the
movement of the world.
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Sources of energy at the present stage

An analysis of many studies shows that the potential of the Earth’s natural resources can provide humanity with energy
for the long term. Oil and gas have a fairly powerful resource, but this «golden fund» of the planet must not only be rationally
used in the 21st century, but also be preserved for future generations. But also an analysis of other studies shows that in the
future we can expect that oil production will peak and consumption and prices will continue to grow, disputes and conflicts
over limited resources will increase and become a constant issue on the international community’s security agenda. The risk of
conflicts based on gaining access and control over the exploitation of energy resources will remain high.

The energy sector should be a dynamic sector that actively supports the development of the global economy and helps
reduce imbalances between countries. In this regard, the overall goal of the global energy strategy is to meet current, medium
and long-term energy needs in the energy sector at affordable prices that are most suitable for a modern market economy with
a decent standard of living, in terms of quality and safety. In this case, the principles of sustainable development must be taken
into account. Thus, due to common goals, which are aimed at ensuring security, maintaining a balance between the import of
primary energy resources and the rational efficient use of national reserves based on commercial and economic factors, it rep-
resents a priority for the further development of safe and competitive energy.

Oil and gas consumption

The energy sector in all countries plays a vital role in socio-economic development. Oil and gas revenues are the main
source of income in most countries.

Oil is still the most important natural resource in the Arab world, and all possibilities indicate that this situation will
continue in the foreseeable future. Huge oil reserves (such as shale oil in the United States, oil sands in Canada, coal gas in
Australia, and deep-sea areas in Brazil).

World crude oil production rose (+2%) due to explosive growth in the United States (+16,5%). In June 2018, OPEC
members agreed to increase oil production to prevent supply shortages and lower prices after previous production cuts were
deemed excessive and prices too high. This stabilized world prices before they rose again pending US sanctions on Iranian oil
exports. Crude oil production in the United States has increased significantly due to increased exploration and production of oil
from rich shale reserves, which has led to the largest annual increase in production for one country in history. This is due to the
launch of new projects, steady demand for oil and higher prices ($ 14 per barrel higher than in 2017). Oil production continued
to grow in Russia, the Middle East (with the exception of Iran) and Africa. Latin America, on the other hand, experienced a
general decline. Venezuelan political problems, compounded by US sanctions, have led to a 29% drop in oil production,
equivalent to one-third of US production growth. Similarly, Iranian oil production fell by 7% after the restoration of interna-
tional sanctions (Figure 1) [7].

Figure 1.
Source: own development based on the data of the Statistical Yearbook of World Energy 2019
https://yearbook.enerdata.ru/crude-oil/world-production-statitistics.html
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Gas

The USA and China contributed to an increase in global consumption of natural gas (+ 5%). World gas consumption in
2018 accelerated thanks to the efforts of the United States and China, which accounted for about two-thirds of additional con-
sumption. In 2018, gas demand in the United States grew by 10%, which was the highest growth rate in the last 30 years, stim-
ulated by the electric power industry (+15 GW of new gas power plants) and construction. Gas consumption also accelerated in
China (+ 18%) in accordance with the policy of substituting coal for gas in the electricity and heat supply sectors. Growth has
also been observed in India and South Korea due to sustained economic growth. However, Japan's consumption has declined
since restarting nuclear reactors has reduced the need for gas-fired electricity production.

Gas consumption also continued to grow steadily in Russia (albeit at a slower pace than in 2017) and accelerated in
Canada, Iran and Algeria.

Despite economic growth, gas consumption in Europe, especially in Turkey, France, Germany and Italy, declined due to
rising temperatures, increased availability of nuclear and hydropower, as well as increased production of renewable energy
(Figure 2).

Unit, bcm

Figure 2.
Source: own development based on the data of the Statistical Yearbook of World Energy 2019.
https://yearbook.enerdata.ru/crude-oil/world-production-statitistics.html

Coal, lignite

World coal production increased (+1,9%) for the second year in a row. China has strengthened its position as the
world's largest producer of coal and brown coal (45% of world production). In 2018, the country approved more than 45 billion
Chinese yuan ($ 6,7 billion) for new coal mining projects. The recent gas shortage in the country has weakened the govern-
ment’s motivation to switch from coal to gas used for space heating and has retained its appetite for coal. Coal and brown coal
production in China accounted for 70% of global growth. The increase in coal imports to China (by 4% compared with 2018,
the highest growth over the past four years) supported a strong international coal market, boosting production in Australia,
Indonesia and Russia, the three main suppliers of coal. In India, there was a significant increase in production (+5,3% in 2018),
due to domestic demand and the government's ambitions to reduce dependence on imports. Coal production in the United
States fell to its lowest level in 39 years, despite rising exports. Coal mining also continued to decline in the European Union,
as member states are increasingly committing themselves to rid the economy of coal.

Oil, gas and coal until the end of the XXI century will remain the basic elements of energy, their share will be about
half of the global energy balance. The rational use of non-renewable resources is the most important task of the world commu-
nity. Currently, oil, gas and coal are used primarily as fuel, and only 4-5% of their volume is supplied to the chemical industry.
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In the future a multiple increase in the production of non-fuel products (synthetic materials, fertilizers, etc.) will be required.
Oil and gas will retain their leading positions not only as sources of energy, but also as the most important raw material for
obtaining special materials necessary for the development of modern civilization. According to forecasts, by the middle of the
XXI century in the chemical industry up to 10% of hydrocarbons produced will be used, and by the end of the century — up to
30%. These volumes should be excluded from the global fuel and energy complex (the load on other energy sectors will in-
crease accordingly) (Figure 3).

Economics of nuclear energy

Investments in nuclear energy, like investments in other areas of electricity production, are economically justified if two
conditions are met: the cost of a kilowatt hour is not more than with the cheapest alternative production method, and the ex-
pected demand for electricity is high enough so that the generated energy can be sold at a price in excess of its cost. In the ear-
ly 1970s world economic prospects looked very favorable for nuclear power: both the demand for electricity and the prices of
the main types of fuel — coal and oil — were growing rapidly. As for the cost of building a nuclear power plant, almost all ex-
perts were convinced that it would be stable or even begin to decline. However, in the early 1980s, it became clear that these
estimates were wrong: the growth in demand for electricity stopped, the price of fossil fuels not only did not increase anymore,
but even began to decline, and the construction of nuclear power plants was much more expensive than anticipated in the most
pessimistic forecast. As a result, nuclear energy everywhere entered a period of serious economic difficulties, the most serious
in the country where it arose and developed most intensively — in the United States.

Figure 3.
Source: own development based on the data of the Statistical Yearbook of World Energy 2019
https://yearbook.enerdata.ru/crude-oil/world-production-statitistics.html

If you conduct a comparative analysis of the economy of nuclear energy in the United States, it becomes clear why this
industry has lost competitiveness. Since the early 1970s, the cost of a nuclear power plant has risen sharply. The cost of a con-
ventional thermal power plant consists of direct and indirect investments, fuel costs, operating costs and maintenance costs.
Over the life of a coal-fired power plant, fuel costs average 50-60% of total costs. In the case of a nuclear power plant invest-
ments dominate, accounting for about 70% of all costs. Capital expenditures for new nuclear reactors on average significantly
exceed the costs of fuel from a coal-fired power plant over their entire service life, which negates the advantage of fuel savings
in the case of a nuclear power plant.

Prospects for nuclear power

Among those who insist on the need to continue the search for safe and economical ways to develop nuclear energy,
two main directions can be distinguished. Supporters of the first believe that all efforts should be focused on eliminating public
distrust in the safety of nuclear technology. To do this, it is necessary to develop new reactors that are safer than existing light-
water ones. Two types of reactors are of interest here: a «technologically extremely safe» reactor and a «modular» high-
temperature gas-cooled reactor.
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A prototype modular gas-cooled reactor was developed in Germany, as well as in the USA and Japan. Unlike a light-
water reactor, the design of a modular gas-cooled reactor is such that the safety of its operation is ensured passively — without
direct actions by operators or an electrical or mechanical protection system. In technologically extremely safe reactors a pas-
sive protection system is also used. Such a reactor, the idea of which was proposed in Sweden, apparently did not advance be-
yond the design stage. But it received serious support in the United States among those who see his potential advantages over a
modular gas-cooled reactor. But the future of both options is vague due to their uncertain cost, development difficulties, as
well as the controversial future of nuclear energy itself.

At nuclear power plants (NPPs), about 16% of the world’s electricity is generated, and for many developed countries
their share exceeds 60—70%. Currently, nuclear power plants have been built in 32 countries, with about 70% of the world's
electricity production coming from 5 of them (USA, France, Japan, Germany and Russia). A world nuclear program is being
formed that provides uniform safety standards and provides for controlled access of developing countries to peaceful nuclear
technologies. The international cooperation of the leading countries in world energy is expanding. In the XXI century the
structure of nuclear energy will change. Fast neutron reactors will be developed and in the future thermonuclear fusion, the
introduction of which will not only greatly increase the capacity of the nuclear industry, but also make it as safe as possible. In
addition, the use of breeder reactors increases the efficiency of the use of uranium ore by 60 times, which will provide nuclear
energy with resources for at least a thousand years.

Modern technologies ensure reliable disposal of radioactive waste, and the transition to a closed nuclear cycle will al-
low for their processing and reuse in new generation reactors. As a result of large-scale international events on the safety of
nuclear power plants and waste disposal, public confidence in nuclear energy has increased. In most countries, multiple growth
of the nuclear industry is planned (Figure 4).
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Figure 4.
Source: own development based on the data of the Statistical Yearbook of World Energy 2019. —
https://yearbook.enerdata.ru/crude-oil/world-production-statitistics.html

China and the United States accounted for three-quarters of the growth in global electricity production in 2018. The
main increase in global electricity production in 2018 occurred in Asia (+6,1%): China accounted for almost 60% of global
growth thanks to strong demand and the rapid development of generating capacities, followed by India, Japan, South Korea
and Indonesia.

Electricity generation also increased in the United States (+3,6%), as weather conditions and economic growth stimu-
lated electricity consumption, while in Canada it decreased slightly. Electricity production continued to grow in Russia (eco-
nomic recovery), the Middle East and Africa. In Latin America it remained stable as growth in Brazil and Mexico was offset
by a strong recession in Venezuela caused by political tensions.

In Europe electricity production remained stable despite growth in France and Turkey due to increased production of
hydropower and renewable energy (plus improved nuclear availability in France). On the other hand, electricity production
declined in Belgium (significant inaccessibility of atomic energy), Germany, Italy and the United Kingdom (mild winter).
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Use of fuel and energy resources and renewable energy sources as a possible
way to increase resource efficiency

Renewable energy is defined as an inexhaustible and rapidly renewable source of energy. Renewable energy is obtained
through the use of ordinary natural phenomena, such as wind, hydropower, plant energy, or the energy of other planets, such as
sunlight or radiated from the Earth's core (geothermal energy).

Solar power

This energy is the production of heat by converting the energy inherent in sunlight. This energy attracts the heat of the
sun and its photovoltaic cells and transfers it to the water cycle to supply houses with hot water or heating. There are several
methods for the efficient use of solar energy, which can be divided into three main categories: thermal applications, electricity
production and chemical processes, and the most widely used areas of application are water heating. Electricity is now increas-
ingly being generated by photovoltaic systems and solar thermal technology, as the focus is on converting sunlight into elec-
tricity using solar panels. The advantages of photovoltaic cells lie in their ability to convert solar energy directly into electricity
and in its ease of use, which makes them suitable for use, especially in developing countries where there are no large genera-
tors. It should be noted that the output of these cells remains limited, since the amount of energy received depends on the geo-
graphical location and is associated with climatic conditions, and the period of use is no more than twenty years. This means
that the energy of fossil fuels (such as oil and coal) can be replaced, but there is a problem of their storage, since this energy
cannot be stored for years. On the other hand, it can be used to produce 50% of the energy needed for heating. The cost of solar
thermal energy is still relatively high due to the high investment cost necessary for its construction, which can only be restored
after a relatively long period, which can last from 10 to 15 years.

In this context the Greenpeace report of October 7, 2005, entitled Concentrated Solar Thermal Energy, stated that by
2025, solar energy would provide clean electricity for two decades to more than 100 million people in areas of the sun most
exposed to the sun. Greenpeace encourages decision makers to support this modern, sustainable industry and invest in this new
technology. The report also shows how the Middle East and North Africa can become the main center of solar energy produc-
tion in the world and be able to export this energy to Europe.

Solar energy has proven its technical and economic sufficiency in the field of heating water and generating electricity
using solar cells, and solar energy from other energy sources is of excellent quality in reducing fuel consumption and environ-
mental pollution. Solar energy is almost free, but requires large costs for the production and conversion of energy-generating
devices. Modern research aims to reduce these costs to a minimum. Today it has become possible to design solar power plants
with a capacity of 80 hybrid megawatts, which operate on solar energy during the day and natural gas at night, thereby reduc-
ing the cost per kilowatt hour is very high. However, prices for solar energy do not obey the well-known law of supply and
demand, but depend on the law of economies of scale.

Wind energy

A 2006 World Wind Energy Association (WWEA) report indicated that wind energy technology is the most dynamic
source of energy and the most promising alternative to fossil fuel production. Wind power is considered one of the most impor-
tant sources of renewable energy. The cost of wind energy has become competitive compared to traditional energy, since the
cost of producing a kilowatt of wind energy has reached $ 1,000, while the cost of kW of production from conventional energy
is up to $ 800. Currently, wind energy generates more than 1% of global electricity consumption.

The cost of electrical energy generated by wind energy has become very low. The use of intelligent electronic controls,
the use of streamlined surfaces and the continuous improvement of the materials used in the production of wind energy have
provided additional benefits.

Biomass energy

Biomass is already the leading source of renewable energy in Europe, but it has not yet fully revealed its potential, be-
cause even when produced and consumed locally, it is an important component of the circular economy in the field of energy.
As a substitute for fossil fuels, it significantly reduces CO, emissions and protects users from price fluctuations that are charac-
teristic of oil and gas markets. Recycling wood waste is also a potential source of fuel, and prudent reforestation also contrib-
utes to CO, capture.

Many economists point out that biofuels are a green alternative to oil, and there are two main brands on the world mar-
ket — biodiesel and ethanol, which are usually produced from food crops. Ethanol is extracted from sugarcane, corn, wheat and
other grains containing sugar or starch and is added to gasoline, and it makes up more than 90% of the total biofuel production
in the world.

Options for solar energy provide an implicit accumulation of green matter in biomass, which is formed as a result of
photosynthesis, and store part of the solar energy in the form of chemical energy, which can be restored by burning the plant.

Unlike fossil fuels, biomass has several advantages, as it is available in most parts of the Earth and contains less than
0.1 percent sulfur and 3 to 5 percent ash and is equivalent to the amount of carbon dioxide released from biomass during com-
bustion. This means that bioenergy does not emit any additional carbon dioxide into the atmosphere.
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Biomass is widely used to generate electricity and heat in the forest industry. The remaining wood waste obtained dur-
ing the production process uses fuel for cogeneration systems operating on turbine turbines. This method is economical only in
areas where cheap biomass fuel is widely available.

One of the striking examples of the efficient use of materials and energy in industry is Finland.

Finland’s pulp and paper industry is a prime example of a large industry where almost all materials and by-products
from wood processing are already used to produce many types of products or to generate renewable energy. Finnish firms are
quickly finding new uses for innovative wood biomaterials, thereby improving the use of biomass from the rationally managed
forests of Finland, where more wood is harvested each year than harvested.

Improving the process of using raw materials, as a rule, goes hand in hand with energy savings. As a cold climate coun-
try that does not have its own fossil fuel reserves, Finland has long recognized the need for energy efficiency in industry and
residential buildings. Given the need to reduce emissions and reduce global warming, the dissemination of such experiences is
now more important than ever.

In addition to building sustainable carbon-neutral bioeconomics by rationalizing the use of forest biomass, Finland is al-
so actively introducing the concept of a circular economy in other key areas.

Finnish forest machine manufacturers Ponsse were the first to adopt the modular product concept by starting to assem-
ble machines from multi-purpose parts that can be easily removed and sent for maintenance and reuse, even if only through
their international sales network.

Geothermal energy

Geothermal energy depends on the use of energy contained in the soil for heating or converting it into electricity. To
produce energy from the bowels of the earth, water is heated underground, and then uses its thermal energy to generate elec-
tricity. The most important part of the energy hiding on Earth is related to the radioactivity of the rocks that make up the earth's
crust. This can be described as a type of natural nuclear energy that comes from the decomposition of uranium, thorium and
potassium. This energy is not related to climate change, and the duration of the geothermal mines is estimated at tens of years.
A 2007 report by the International Geothermal Association indicates that the world's geothermal energy has reached 7.9 gig
watts, an increase of 800 megawatts than in 2005. This clean energy is used by most countries in the world to combat envi-
ronmental pollution, and the total energy capacity is distributed. Geothermal in different proportions for producing countries.

Similarly, the 2009 GEO report indicated that the Australian government announced a $ 43 million project to help ex-
tract energy from the heat of the earth, being the world's largest coal exporter, which generated about 77% of its electricity.
This makes it the world’s largest source of population pollution.

The report added that only 1% of geothermal energy in Australia can meet the need for clean electricity for 26,000
years. This technology, sometimes called “hot stones,” has enormous potential for Australia, on the other hand, as a way to
counter climate change and national energy security, and that the first installations of this energy can start operating in 2012.
Switzerland is also a world leader in the exploitation of geothermal energy. It has the highest percentage of underground en-
ergy facilities, since the number of institutions based on investments of the interior of the Earth (both wind and water) has
reached 50,000 installations, but it lacks stations that convert this energy into electrical energy, unlike that was found in Ger-
many and even in Italy, which, thanks to the underground power station in Tuscany, managed to become the first producer of
this type of electricity [8].

Hydropower

Hydroelectric power plants produce electricity using the power of (falling) water, which drives the so-called turbine,
which in turn rotates the metal axis connected to the generator. The principle is to build a river water dam to store large
amounts of water and to obtain great heights, and thus the water is taken through pipes from the bottom of the dam wall, where
the water pressure is proportional to the height of the dam water to reach the turbine blades and make it rotate that in turn is
connected with the axis of the generator. And when the magnetic poles rotate in the generator, alternating electric current will
be generated in the windings. The height of the water in the tank is stored in energy. When the dam opens, the water passing
through the turbine turns into kinetic energy. The amount of generated electricity is determined by several factors, two of
which are the volume of running water and the height of the dam surface from the turbine (engine). As well as the height and
flow of water increases, electrical energy is generated. This energy is related to the amount of stored water.

Alternative energy has come to the fore in the energy sector of Belarus. In the Republic of Belarus, more than twenty
thousand small rivers flow, the length of which is 90 thousand kilometers. Small hydroelectric power plants have been built in
the country. Osipovichi Hydroelectric Power Station was first built in 1954 on the Svisloch River. Its capacity was only 2,25
MW which is still in effect to this day.

However, by the 60s, the small hydroelectric power station had gone aside due to the emergence of state power systems.
Consumers in rural areas were transferred to a powerful new system, and the need for small hydropower plants disappeared on
its own. As a result, by the end of the 80s in Belarus there were only six hydroelectric power plants, which produce more than
18 million kilowatts annually.

Over time, energy was converted by a small hydropower plant (SHP). In this case, alternative sources of energy in Bela-
rus as it turned out to be possible to acquire, restore. Representatives of the Greens confirm that small hydropower plants have
no environmental burden.
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The Belarusian authorities planned to double the total capacity of hydroelectric power plants. In this regard a certain in-
terest in the construction of small hydropower plants in the country is shown by foreign investors, who take 78,4% for the con-
struction of small energy costs.

A hydroelectric power station for generating electricity provides an important part of the demand for electricity in Leb-
anon. In connection with this, several projects for water supply on the river and sources appeared, covering 16 factories with a
total capacity of 283,146 megawatts, in particular three Litani plants with a total capacity of 191,500 megawatts, accounting
for 67,6% of production. The annual production volume (more than 20 years) reached 722 MW / hour, which accounts for
Litani factories, of which about 500 MW / hour. Experts note that the capacity of the hydraulic unit in Lebanon is estimated at
284 megawatts, and its current production is less than 48 megawatts.

In light of the growing shortage of electricity generation and unprecedented losses, as well as an increase in demand for
consumption (current demand of no less than 3,000 megawatts compared to actual production of about 1,400 megawatts), as
well as the need to preserve the environment, attention was directed to renewable energy, the most important of which is hy-
dropower, on the availability of potential water energy in Lebanon and its economic water projects [9].

The Ministry of Energy and Water Resources is currently working on the search for the best technical, financial and po-
litical solutions to reduce the budget deficit as soon as possible in a way that is consistent and integrated with the electricity
policy document approved by the Cabinet of Ministers which formed a common framework for the sector. Electricity in Leba-
non is parallel, and to facilitate the receipt of the promised funds for the energy sector from the CEDRE conference, the Minis-
try of Energy and Water collaborated during 2018 with the World Bank to prepare assessment studies of the energy sector in
Lebanon, where it issued a series of recommendations after scheduling decisions [10].

The share of wind and solar energy is growing rapidly and steadily (0.8 points in 2018), reaching 7.5% of the energy
balance. In 2018, the share of wind and solar energy in the global energy balance increased by 0,8 points, since in 2018 it ac-
counted for more than 30% of the total additional electricity generation (16% for solar energy and 15% for wind). In 2018, the
share of wind and solar energy in all regions, especially in Latin America (large-scale introduction of renewable energy
sources in Brazil and Chile), Asia (China, India and Japan) and Europe (especially in Germany, Great Britain, Belgium and
Turkey) continued to grow, driven by lower technology costs and ambitious policies. Wind and solar technology is also gain-
ing momentum in the United States and Australia. They still remain negligible in Africa and in fossil fuel extraction areas (CIS
and Middle East) (Figure 5).

Figure 5.
Source: own development based on the data of the Statistical Yearbook of World Energy 2019. —
https://yearbook.enerdata.ru/crude-oil/world-production-statitistics.html
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Ways to Improve Energy Efficiency

Currently, there is growing interest and competition for serious investments in the development of alternative energy
programs and technologies, as well as the introduction and use of green technologies in several areas, which together will de-
termine the future energy in the world.

Economic energy, in an economic concept, is an expression intended for energy production, investment, consumption
and the benefits arising from this, and includes all means and procedures aimed at increasing the return on energy use and re-
ducing its losses to a minimum, without affecting economic growth, that is, the consumption of the least.

Likewise, energy conservation aims to extract as much energy as possible from its primary sources, while preserving
the environment and minimizing its harm.

The circular economy provides pragmatic and effective solutions for the gradual depletion of vital resources for the
functioning of the modern economy. Closing the cycles of materials, water and energy, this «other» economy allows the econ-
omy to grow, while reducing extraction from nature.

The circular economy multiplies the productivity of resources produced by nature in terms of resource efficiency. It is
aimed not only at the optimal use of water and raw materials, but also at energy resources.

The potential for reducing fossil fuel consumption through energy efficiency policies is much greater than replacing
these fossil energy sources with other renewable energy sources.

High energy consumption in the processing industries raises a number of serious environmental problems. Lack of
equipment and a lag in technology led to a significant excess of total emissions. The amount of total annual emissions of indus-
trial pollutants is increasing. Pollution of air, water and solid waste is a serious threat to human health and environmental safe-
ty. The technical bottlenecks and environmental problems of the processing industries severely impede sustainable develop-
ment. With economic development, population growth and improving living standards, the amount of energy consumed will
undoubtedly increase in the future. Therefore, improving energy efficiency is vital to energy conservation efforts in the manu-
facturing industry. There is tremendous potential for energy savings in the manufacturing industry. Energy-saving technologies
— technical updating, elimination of obsolete equipment, new production facilities using advanced technologies.

Positive effects of green and circular economies

The circular economy is one of the directions of the green economy, offering the state and business modern approaches
to improving resource efficiency, achieving a social effect in the sphere of consumption of goods, in particular, due to the ex-
panded responsibility of the manufacturer, as well as reducing the environmental footprint of production and manufactured
goods. The concept of a circular economy is the practical basis for the implementation of the green economy and offers effec-
tive business models to ensure more environmentally friendly resource use, contributing to the achievement of the goals of
sustainable development of society [11].

Some economists argue that policies that do not address environmental issues such as resource depletion, biodiversity
loss, increasingly intense storms and floods and droughts due to climate change can lead to job losses and livelihoods. There-
fore, solving environmental problems opens up opportunities for workers and employers and reflects economic growth. Thus,
today's climate change industry will be at the forefront of the CleanTech sector. Global efforts to combat climate change and
its effects have changed employment and investment patterns in the green economy. A large number of jobs and millions of
green jobs were created in sectors such as renewable energy, energy efficiency of buildings, sustainable transport systems, ag-
riculture, environmental protection, industry, research and development, management, activities and services. Green jobs are
jobs that help mitigate the environmental threats facing humanity. Thus, the Clean Development Mechanism and the joint im-
plementation tools included in the Kyoto Protocol, according to which companies and governments can receive carbon credits
by supporting specific emission reduction projects, are potential financing mechanisms for green projects.

The ability of the environment to absorb contaminated waste

The ability of the environment to absorb contaminated waste and other impacts of energy technology is limited. This is
manifested in two main classes of environmental costs: «external» costs, which are imposed by society’s corruption on society
and do not affect the financial accounts of consumers and energy producers, and “input costs”, which represent an increase in
financial costs caused by measures aimed at reducing of external costs.

Both types of environmental costs have been and are increasing for many reasons, including: reduced quality in fuel
production basins and energy transmission sites, the need to transport more materials over long distances and the construction
of larger facilities, as well as the growing volume of contaminated waste from energy systems and the need to meet the ability
of the environment to absorb waste. Such waste is not contaminated, and pollution control costs tend to increase with increas-
ing pollution. The combination of increased energy consumption with a decrease in the quality of resources requires the re-
moval of an increasing percentage of pollutants in order to maintain the level of damage unchanged. And this means an in-
crease in input costs, in addition to the fact that public and political interest in the environment extends the time for choosing
licensing and construction of energy facilities, and also increases the frequency of changes to project specifications before im-
plementation and guidelines, which leads to another increase costs.

Waste recovery underlies the concept of a circular economy. This should be one of the main pillars of the industrial ren-
aissance in the EU. The waste sector can and should contribute to improving the efficiency of resource use in the economy,
provided that appropriate policies are applied. This is consistent with the leading EU initiative for a resource-efficient Europe,

193



which was launched in 2011 as part of the Europe 2020 Strategy. The initiative supports the transition to a resource-saving
low-carbon economy to achieve sustainable growth [6].

Energy of the future

Assuming that by 2100 the vast majority of the world’s population should be provided with energy at a level corre-
sponding to today's consumption in developed countries, the full satisfaction of humanity's energy needs in 2100 with a popu-
lation of 11,213 billion will amount to 55.98 billion toe/year (2.34 x 1021 J/year).

With an average energy production efficiency of 68% in 2100, 81.68 billion toe/year (3.42 x 1021 J/year) should be
produced, or 4,2 times more than in 2015.

All this energy, in accordance with physical laws, will become thermal waste and their accumulation will inevitably
lead to catastrophic global warming, which can reach 5,5-7°C by 2100, rise in ocean level by 6-9 m, disappearance of glaciers
— sources of drinking water for many regions.

To date, there are no sources capable of providing even part of the energy production required by 2100, especially with
the upcoming exhaustion of hydrocarbons.

The only source of energy that is able to provide the future of mankind is the Sun, which in 1 hour gives energy to the
Earth in the volume of consumption of all mankind in 2015.

However, the problem is that the density of solar energy at the equator does not exceed 360 W/m? and solar panels with
an area of about 10 million km?, taking into account the areas for maintenance and a 4-hour duty cycle, will be required to pro-
vide humanity with energy.

For comparison, the total area of the EU countries is 4,3 million km?, Kazakhstan — 2,72 million km?, the United States —
9.5 million km’.

In addition, about 200 million tons of today's most advanced batteries will be needed, with an annual replacement of 30
million tons.

Other energy sources also do not have a long-term global perspective: hydropower — the potential is almost exhausted,
wind — low power density, uncontrolled frequency.

Nuclear and thermonuclear energy, according to the models of individual organizations, are able to provide the world’s
energy needs of mankind for many centuries, but this will inevitably lead to environmental problems and an increase in the rate
of global warming [12].

In the XXI century oil, gas and coal will remain the main sources of global energy. The high efficiency of these energy
sources is of great importance for the sustainable development of mankind. At the same time, the global energy development
strategy should take into account the prospects for using environmentally friendly energy sources and the latest technologies
for their development, which will guarantee the energy security of our civilization. The world community must make a grandi-
ose scientific and technological breakthrough in the development of the energy of the earth's interior, the ocean, the sun, space
and the peaceful atom. Only then can we satisfy the growing demand for clean, plentiful, reliable and safe energy — the basis of
a high standard of living, a developed economy and culture, international and national security. We must multiply this source
of vitality and transfer it to the reliable hands of our descendants.

Conclusion

«The energy sector, which for decades has contributed to the growth and prosperity of the global economy, has contrib-
uted to increased emissions and is therefore responsible for reducing themy, says Eni CEO Claudio Descalzi'. This means that
we all need to use energy more efficiently in order to be able to separate economic growth from use resources and greenhouse
gas emissions. One of the best ways to do this is to apply the principles of a circular economy to energy production and con-
sumption. The circular economy provides pragmatic and effective solutions for the gradual depletion of vital resources for the
functioning of the modern economy. Closing the cycles of materials, water and energy, this “other” economy allows the econ-
omy to grow, while reducing extraction from nature.

The concept of a circular economy is the practical basis for the implementation of the green economy and offers effec-
tive business models to ensure more environmentally friendly resource use, contributing to the achievement of sustainable de-
velopment goals of society.

In fact, economic security can mean creating new jobs or searching for product markets. The idea of national security is
that lower energy demand will affect our sense of global security. An analysis of many studies shows that the potential of the
Earth’s natural resources can provide humanity with energy for the long term. But an analysis of other studies also shows that
in the future we can expect that oil production will peak and consumption and prices will continue to grow, disputes and con-
flicts over limited resources will increase and become constant. The energy sector in all countries plays a vital role in socially
and economic development. Oil, gas and coal until the end of the 21st century will remain the basic elements of energy, their
share will be about half of the global energy balance. The rational use of non-renewable resources is the most important task of
the world community.

Investments in nuclear energy, like investments in other areas of electricity production, are economically justified if two
conditions are met: the cost of a kilowatt hour is not more than with the cheapest alternative production method, and the ex-
pected demand for electricity is high enough so that the generated energy can sell.

! https://www.eni.com/en-IT/circular-economy/sustainable-world.html
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Renewable energy is defined as an inexhaustible and rapidly renewable source of energy. Renewable energy is obtained

through the use of ordinary natural phenomena, such as wind, hydropower, plant energy, or the energy of other planets, such as
sunlight or radiated from the Earth's core (geothermal energy).

The ability of the environment to absorb contaminated waste and other impacts of energy technology is limited. This is

manifested in two main classes of environmental costs: «external» costs, which are imposed by society’s corruption on society
and do not affect the financial accounts of consumers and energy producers, and «input costs», which represent an increase in
financial costs caused by measures aimed at reducing external costs.

The only source of energy that is able to provide the future of mankind is the Sun, which in 1 hour gives energy to the

Earth in the volume of consumption of all mankind in 2015.
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